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(57) Abstract 

An apparatus for controUlng the load of an altemating-cunent electricity supply system supplying power to a plu- 
rality of consumers. At each consumer's premises the load (1) is connected to an AC mams (2) via a controllable load 
switch (3). Across the mains is coupled a frequency measuring means (4, 5 and 6) whose output is compared in compara- 
tor a 8) widi predetermined threshold values stored in limit registers (9. 10). The threshold values co^espond to frequen- 
des bcbw the normal frequency of the power suppUed. When a threshold value is exceeded due to a fall m frequency, an 
interrupt signal is provided at the output of one or other comparator, depending on the seven^ of the fall m frequency. 
Se interrupt signil is extended to an input of a processor (1 1) which operates the load switch after a predetermined delay 
provided by delay registers (13, 14) associated with.the comparators, and disconnects the load from the mams. 
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Electrical Load Shedding Circuit 

I 

Technical Field 

Uiis invention relates to onergency load shedding means for AC elec- 
tricity power sipply systems supplying power to a plurality of consumers. 

In such systems when power demand exceeds sipply the generators pro- 
viding the power to the system become overloaded. Diis overload nay occur 
rapidly and it Is necessary to shed non-essential loads quickly In order to 
avoid a collapse of the entire system. 
Background Act 

In a known method to reduce demand on an electricity supply system in 
the event of power demand exceeding stpply, a connand signal is trananitted 
from the power utility's control centre to a remotely operated switch at 
the consumers premises, turning off non-essential loads such as large ca- 
pacity hot water heaters, swljnning pool filters etc. 

A major problem with such a n^thod, however, is the amount of time 
taken to transmit the ccranand signal to the consumers premises vftiitdi may 
take up to several minutes and require a relatively conplex coranunicaticxi 
link. Iftider emergency conditions, such as the loss of a generator, the 
power begins to drop immediately, possibly leading to a collapse of the 
system before commands can be issued to turn off the non-essential loads. 
One known systan devised to solve this problem utilizes the drop in supply 
frequency, hereinafter referred to as an under-f requency, which occurs when 
a generator becomes overloaded. By detecting a drop in the supply fre- 
quency at a substation the load of a whole suburb is shed. This causes 
great inconvenience to the consumers affected. 

Another known system, described In Idie specification of Australian 
Patent No. 5^2,286 provides a device at the consumers premises which, if a 
• phase-lock loop fails to maintedn synchronization between a clock sigpal 

generator and the incomlhg waveform of the AC supply, produces a phase er- 

I CIIRCTITIITK CMErr f 



»»«oy/oo>i^ PCr/AU89y00006 

- 2 - 

ror signal which is iised to control switching means to shed at least part; 
of the load at the consumer's premises. 

A disadvantage of the last nentioned knowi system is that the lode 
range of the phase lock loop is determined by. analogue conponents whose 
tolerances do not permit the accurate setting of the ttireshold frequaicy in 
a reproducable way. Moreover, tlae threshold frequency must be set during 
manufacture and cannot be easily altered. 

It is therefore an object of the present Invention to provide a nettiod 
and device for controlling ttie load of an AC electricity sapplj system in 
vbSxh the ttireshold frequencies can be set precisely using standard conpo- 
nents. 

It is a further object of the present invention to provide a netaiod 
and device for controlling the load of an AC electricity supply system 
vftjose ttire^ld frequencies are programnable during manufacture, m. site or 
renwtely. 

A still furtJier object of the present invoition is to provide a method 
and device for controlling the load of an AC electricity sijpply system 
vtoich may enploy a slnple tel^ihone line as a link to the utility comnand 
caatre. 

Sunmary of the Invention 

According to a first aspect of the Invention there is provided a 
method of controlling the load of an altemating-curreit electricity stj^ly 
system si?>plylng power to a plurality of consumers, said metiiod comprising 
the steps of, for each of the plurality of consumers, measuring tte fre- 
quency of the alternating-current supply, comparing the measured frequaicy 
to at least one threshold value stored In storage means »M.ch corre^nds 
to a predetermined frequency below the normal frequency of ttie supplied 
voltage, and upon the measured frequency falling below said threshold value 
causing, after a predetennlned delay, at least part of the consumers lead 
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to be disconnected from the said supply system, said load being re- 
connected to the said sipply system >ftien the measured frequency has risen 
above said threshold value. 

Accordiiig to a furtdier aspect of the Invention there is provided an 
apparatus for use by a consumer using power for a load from an alternating- 
current electricity supply system siqpplylng power to a plurality of consum- 
ers, ccnf)rising frequency measuring means arranged to measure the frequency 
of the alternating-current si?>ply and provide a frequency output signal in- 
dicative of the measured frequency, comparison means to which said fre- 
quency output signal is applied and which conpares said frequency output 
signal to at least one threshold value, said threshold value corresponding 
to a first predetermined frequency which is below the normal frequency of 
said alternating current sipply, wherein when said frequency output signal 
indicates that the measured frequency has fallen below said one threshold 
value, a switch control signal is provided by said conpau^ison means after a 
first predetermined disconnect delay provided by disccmect delay means, 
said switch control signal being extended to a load switch means which is 
rendered non-conducting thereby to disconnect at least part of said consum- 
er's load from the said supply means, said load switch means being rendered 
conducting upon said measured frequency rising above said threshold value, 
thereby re-connectix% said at least part of said consumers load to the 
said supply system. 

The present invention ensures, that if an under-frequency condition 
occurs, electrical loads are shed before load-shedding commands could be 
issued over conventional load-control systems. Load-shedding is achieved 
with the present invention on a priority basis, by dropping first non- 
essential loads, and tiien more inportant loads for successively more severe 
failures, reducing network load before indiscriminate (suburb-wide) 
blackouts occur. 
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Best Mode of Carylug Oat The Inyaitlon 

In order that tiie invention can be readily understood, an-ecabodlDBnt * 
thereof will mw be described In relation to the figure of the drawling. ' 

Referring to the drawing, a load 1 Is connected to an AC mains 2 via a 
load switch 3* Across mains 2 is coupled a zero-crossing detector 4 whose • 
output is coipled to an Input of a counter means 5 associated with a crys- 
tal oscillator 6. Outputs of counter means 5 are respectively connected to 
inputs of conparator means 7 and 8 each of which is associated with respec- 
tive limit register means 9 and 10. Respective outputs of conparator means 
7 and 8 are connected to inputs a and b of processor means (CPU) 11. 

A memory 12 associated witii processor 11 includes four delay registers 
13* 14, 15 and 16 and two memory registers 17 and 18 respectively associ- 
ated wltb delay registers 13 and 14. 

An output of processor 11 is coi5>led to load switch 3. A phone line 

19 is connected to an input c of processor means 11 via an interface means 

20 for connection to the power utility's System CJontrol and Ifeita Aquisitlon 
(SCADA). Alternatively, the AG mains or a radio link could be utilized for 
providing the connection to SCAIft. 

It will be understood, that altiiougji the preferred embodiment includes 
a connection to the power utility's SGADA, the load control arrangement of 
the presQit Invention can be progranmed to operate independently of comr 
mauds for SOUJA in which case Interface 20 and phone line 19 would not be 
needed. 

In operation the frequency of the power supply on mains 2 is monitored 
by zero crossing detector 4, which produces a pulse every tLme the power 
si?>ply waveform passes througji zero, producing nominally 100 or 120 pulses 
per second for 40Hz or 6CHz respectively. Preferably, ttie zero-crossing 
detector is filtered in hardware (not shown) to reduce the incidence of 
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spurious outputs due to noise lupulses on mains 2 or voltage hamonlcs, 
vftildi can both produce spurious zero-crossings* 

A counter 5 is continually incremented by crystal oscillator 6 at a 
rate vMcdi will preferably count at least 1000 counts per AC cycle, giving 
a resolution of better than 0.01 ras. TMs provides a fine control over the 
order of shedding different types of load. Counter 5 is reset by a pulse 
from zero-crossing detector 4 twice for every AC cycle. The value of the 
output of counter 5 is continually compared in conparator means 7 and 8 to 
threshold values programmed into two limit registers 9 and 10 respectively 
associated therewith. A threshold value corresponding to a severe under- 
f requency is contained in limit register 10 and a threshold value corre- 
sponding to a less severe under-f requency is contained in limit register 9. 

When the tiireshold value is exceeded In limit register 9 due to a less 
severe under-frequency, an Interrupt signal is provided at the output of 
the conparator means 7. Biis signal is extended to input a of the 
processor means 11 whidi prepares to operate load switch 3 and shed load 1. 

To ensure that load 1 is not shed prematurely due, for exajiple, to an 
occasional noise impulse or single cycle power loss, the processor means 
includes filter means in the forra of software. Two delay registers 13 and 
in are provided in a memory 12 associated with the processor means. In the 
case of an intemption of a less severe under-frequaicy condition, a "1" 
is added to delay register 13. Ttie delay register is decreased at regular 
intervals, for exanple, by 1 every 40 ms. Hie processor means waits until 
the count exceeds the preset maximum value stored In memory register 15 as- 
sociated with delay register 13. Tirpically, this maximum value is 1750 
which causes a delay of about 25 seconds at 50 Hz. Bils method inposes no 
Interrupt load on the processor means software until an under-f requency 
condition occurs. After 25 seconds, the processor means operates load- 
switch 3 and sheds load 1. 
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Similarly^ When the ttjreshold value, prograioned In limit register 10 -is., 
exceeded, due to a severe under-frequency, an Interrupt signal is provided . 
at the output of cooparator means 8. This signal is extoided to li^nit b of 
the processor means ndiich prepares to operate the load switch 3 and shed 
load 1. The processor means waits until tdie count In tiie delay register 14 
exceeds the preset maximum value stored in memory register 18 associated 
with the delay register 14. l^^ically, the maximum value is 10 resulting 
In a delay of about 150 ms at 50 Hz» After 150 ms the processor means op- 
erates the load switch 3 and sheds load 1. 

After the AC frequency returns to above the threshold determined by 
register 14 tiie processor 11 switches load switch 3 and restores power to 
load 1. Restoration, however, only occurs after a delay. Delay registers 
15 and 16 provide a maximum and minimum delay time limit and processor 11 
selects a delay within those limits. Typically the miniTnum delay is 5 min- 
utes and the maximum delay is 10 minutes. Ihis allows the higjiest priority 
loads to be switehed to the supply quickly, and the lowest priority loads 
remain shed for a longer period. Qhis delay may be selected randomly to 
prevQit all loads being restored slmultaneoxisly. Tbe delay also allows 
sufficient time for the SCADIl system to transmit overriding COTmands over 
telephone line 17 if required. The load may be restored or restoration In- 
hibited by these commands. 

The power utility's SCAEA system coupled to phone line 17 is pro- 
grammed with the characteristics of all non-essential loads controlled by 
the load shedding arrang^ient of the present Invention. !Die under- 
f requency limit values are programmed into each limit register 9 and 10 and 
delay registers 13 and 14 for toe type of load controlled by these regis- 
ters which allows gradual load shedding as the power is lost. The regis- 
ters may be progranmed remotely via phone line 17, or via the supply line 2 
or manually during manufacture, or later on site. 



PUIIAVH9/Wmt 



- 7 - 



Processor means 11 may form part of an energy management terminal sucjh 



as, for exanple, the one described in Australian Patent Application No. 
65,908/86. 

Although two limit registers are shown in the preferred embodiment, 
further limit registers may be Included to provide further frequency/delay 
profiles for a single load, or provide respective under-f requency thresh- 
olds for a plurality of loads. 

In an AC electricity power si?)ply system \toose notroal frequency is 50 
Hz, the threshold values programmed in the limit registers may be : 

1. Less severe under-frequency condition : ^9.0 Hz for 25 seconds 

2. Severe under-frequency condition : 48.5 Hz for 150 ras. 

Die less severe under-frequency condition migjit occur, say, during a 
cold snap whai many consumers switch on electrical heating appsiratus. Die 
load Increases gradually and the frequency of the power supply correspond- 
ingly falls. If it reaches 49.0 Hz and remains there for at least 25 sec- 
onds load shedding conmences. 

The severe under-frequency condition might occur in the evoit of a 
generator failing. Ihder this condition the load rapidly exceeds supply 
and there is a corresponding rapid fall in the power supply's frequency to 
48.5 Hz. After 150 ms the load shedding coninences. 

Vftiile the present Invaition has been described with regard to many 
particulars, it is to be understood that equivalents may be readily substi- 
tuted without departing frc»n ttie scope of the invention. 
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The claims defining the. invention are r;as follows: . • a 

1. A inethod of controlling the load of an alternating-current elec- ' 
tricity supply system s\?)plylng power to a plu3?allty of consumers, - said. . 
method comprising the steps of, for each of tiB plurality of consuners, . 
measuring the frequency of the alternating-current supply, coo^^arlng the 
SBasured frequency to at least one threshold value stored in storage means 

v&lch corresponds to a predetermined frequency below the normal frequency 
of the si^plied voltage, and vpaa the measured frequency falling below said 
tiireshold value causing, after a predetermined delay, at least part of the 
consumers lead to be disconnected from the said si^jply system, said load 
being re-connected to the said sipply system v4ien the measured frequency 
*has risen above said threshold value. 

2. A method as claimed in claim 1, including the step of delaying for 
a predetennined time the re-connexion of the at least part of the ccnsuners 
load to the said si:^ly system. 

3. A metiiod as claimed in claim 2, vftierein the re-connexion of at 
least peirt of the consumers load is selectively determined by conmand 
signals transmitted from a remote control centre via a comraunicatlons link. 

4. An apparatus for use by a consumer using power for a load from an 
alternating-current electricity sipply system supplying power to a plural- 
ity of consumers, comprising frequency measuring means arranged to meaaire 
liie frequency of the alternating-current supply and provide a frequency 
output s ign al indicative of the measured frequency, cccqparison means to 
\ftiich said ft*equency output sig:Bl is applied and which coipares said fre- 
quency output signal to at least one threshold value, said threshold value 
corresponding to a first predetermined f requericy which is below the normal ^ 
frequency of ssdd alternating current supply, irtiereln vflien said frequency 

output signal indicates that the measured frequency has fallen below said 
one threshold value, a switch control signal is provided by said conparison 
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means after a first predetermined disconnect delay provided by disconnect 
delay means, said switch control signal being extended to a load svdtch 
means which is rendered non-conducting thereby to disconnect at least part 
of said consumer's load from the said si^ly means, said load switch means 
being rendered conducting upon said measured frequency rising above said 
threshold value, thereby re-connecting- at least psu't.of said consumers load 
to the said siqpply system. 

5. An apparatus as claimed in claim 4, wherein said frequency output 
signal is compared to a further threshold value which corresponds to a sec- 
ond predetermined frequency below the first predetennlned frequency, and 
wherein v#ien said frequency output signal indicates that the measured fre- 
quency has fallen below seild further threshold value a switch control sig- 
nal is provided by said ccraparator means after a second predetennlned 
disconnect delay provided by the disconnect delay means, said second prede- 
tennlned delay being, shorter than said first delay means, said switch con- 
trol signal being applied to said load switch means vAiich is r^ered 
non-conducting thereby to disconnect at least part of said consumer's load 
from the said supply system. 

6. An apparatus as claimed In claims 4 or 5 including re-connect delay 
means arranged to delay said re-connexion of at least part of said consum- 
er's load for a predetermined period, 

7. An apparatus as claimed in any one of the preceding claims, vftierein 
each threshold value is stored in a respective limit register means associ- 
ated with a coapsLrator means • 

8. An apparatus as clalioed in claim 7, vrtierein said limit register 
means are programmable. 

9. An apparatus as claimed In any one of claims 4 to 8, vftierein said 
disconnect delay means comprises first and second delay register means each 
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associated wltJi memory means to provide first and second predetermined dis- 
connect delays. 

10. An apparatus as claimed In claim 9, i^ereln said first and second : 
disconnect delay register means are programsable. 

U.An apparatus as claimed in any one of claims 6 to 10 ^rein said re- 
connect delay means CGoqprise third and fourth delay register means to pro- 
vide first and second predetermined re-connect delays. 

12. An apparatus as claimed in claim llj herein said third and fourtix 
delay register means are progrannable. 

13. An apparatus as claimed in claim 11 or 12, wherein said third and 
fourth delay register means provide respectively TniniTmim and Tna-riTmim re- 
cannexion delay limits, for providing a selectable delay within said lim- 
its. 

. 14. An apparatus as claimed in any one of claims 9 to 13, vfiierein said 
disconnect delay means includes additional delay register means and associ- 
ated memory means. 

15. An apparatus as claimed in any one of claims 11 to 14, wherein said 
re-connect delay means includes additicxial delay register means. 

16. An apparatus as claimed in claim 14 or 15 wherein the additional 
delay means are progranraable. 

17- An apparatus as claimed in any one of claims 4 to 15, including 
processor neans to whose ii^put means is coi?)led to said switch control sig- 
nal and processed therein, an output of said processor means beliig coxapled 
to said load switch means for controlling the load switch means with a con- 
trol signal produced in said processor means. 

18. An apparatus as claimed in claim 17, viherein a ccominications line 
is coupled to a still further input of said processor means, whereby ccmdt 
mand signals f rem a remote control means coipled to the communication line 



- 11 - 

are processed for overriding or delaying the re-connexion of at least part 
of said consumer's lead. 

19. An apparatus as claimed In claim 17 or 18, vtoerein said limit reg- 
ister means and/or said delay register means are remotely programtnable via 
said ccDDiunications line. 

20. An apparatus as claimed In any one of claims 17 to 19, ^ftierein said 
processor means is incorporated In an energy management terminal means • 

21. An apparatus as claimed In claim 20, wherein said remote control 
emans is a systan control and data aquisition (SG/lEA) means. 

22. An apparatus as claimed in any one of claims 18 to 21 vAierein s€dd 
connmicatlon line is a telephone line. 

23. An apparatus as claimed in any one of claims I8 to 21, vftierein said 
coramunication line is provided by the AC mains. 

24. An apparatus as claimed In any one of claims 17 to 23, ><hereln said 
processor means incorporates filter means adapted to filter noise inpulses 
and single cycle losses « 

25. An apparatus as claimed In any one of claims 4 to 24, i/«herein said 
frequency measuring means comprises an arraJTgenent Which counts pulses from 
an oscillator means that occur between successive zero-crossings of the al- 
ternating current's waveform, the count being applied to said comparator 
means and conpared to said threshold values. 

26. An apparatus as claimed in claim 259 iAiereln said oscillator means 
conprises a crystsd controlled oscillator. 

27. An ^paratus for use by a consxmer using power for a load from an 
alternating current electricity supply system, substantially as herein de- 
scribed with reference to the figure of the drawing. 
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